The plasma diagnostics package (PDP) on the space shuttle STS-3 mission in March 1982 carried among its instrument complement a retarding potential analyzer. This instrument measured both the ambient ion plasma density and temperature, and perturbations to the plasma produced by shuttle orbiter effects. Whenever the plasma flow streamline at the instrument was more than a distance of the order of thermal ion gyroradii away from any orbiter surface, the measurements were characteristic of the ambient ionosphere. In several situations, the PDP was positioned so as to scan the wake in the plasma flow produced by orbiter surfaces. 
DATA ANALYSIS METHODOLOGY
The initial goal of the RPA data analysis was to determine the density and temperature of the major ion species and to see what effect, if any, the presence of the orbiter had upon these determinations. As we shall see, it was also necessary to consider the potential of the PDP relative to the ambient plasma. In the flight situation the PDP was attached to the orbiter by the RMS and the V x • electric field of approximately 0.2 V/m created significant potentials over the length of the orbiter. The amount of conducting area of the orbiter in contact with the plasma (•50 m 2) was an order of magnitude larger than that of the PDP (•3 m2). Hence the electromotive force ( _+ 5 V) was able to drive and sustain the PDP potential to values significantly different than the thermal energies of the ambient plasma. As well, the PDP potential could be a significant fraction of the ram energy of the plasma flow relative to the orbiter.
An example of a plot of the collector current versus retarding potential from the RPA is shown in Figure 1 . At the time these data were taken the orbiter latitude and east longitude were 34.62 ø and 224.07 ø , respectively, the local time was 1357, and the solar zenith angle was 42 ø . The solid circles are the data points, and the dashed curve is a fit to the data points by a method discussed in detail below. At low retarding potentials the curve is typical of that produced by a single component ion plasma with a high Mach number. However, at higher retarding potentials the departure of the retarding portion of the curve from a straight line indicates that one or more higher mass ion components had a significant presence. The RPA equation found, for example, by Hanson et al. [ 1970] was fit to the data with a multiparameter least squares fitting procedure based on the routine CURFIT from Bevington [ 1969] . The fitting procedure was first attempted with a seven-parameter fit. The parameters were the density and temperature of O +, NO +, and 02 + and the PDP potential. However, the 0.5-V resolution of the RPA was only slightly less than the difference in ram energy between NO + and 02 + at orbital velocity. It was found that the fitting procedure was highly unstable and did not converge well. Tests of the fitting program with simulated data plus random noise showed that the fitted values would be in error by a factor of 2 or more and were not invariant under choice of differing random number seeds. Therefore the fitting technique chosen was to assume a two-ion flowing Maxwellian distribution composed of O + and NO +. Admittedly, the choice of NO + as opposed to 02 + was somewhat arbitrary, but data from an ion mass spectrometer on the same spacecraft (J. M Grebowsky, private communication; OSS-1/ STS-3 Post Mission Interim Science Report, 1982) show that in most cases the NO + density exceeded the 02 + density by a factor of 2 or more. Unfortunately, the ion mass spectrometer and the RPA were on opposite sides of the spacecraft, and since the spacecraft was not spinning, near-simultaneous data from the two instruments were not possible. The fitting program had five free parameters, specifically the density and temperature of O + and NO + and the PDP potential. The ram angle (angle between the instrument normal and the flow velocity) of the RPA and the orbiter velocity were known from the orbiter and RMS ancillary attitude data. The normal component of the ion velocity relative to the RPA was an input to the fitting procedure. The fitting procedure applied to the data of The RPA grid design was such that there was no internal shadowing of the RPA collector by the grid structure until the ion angle of the incidence reached 45 ø . That is, up to 45 ø the effective area followed a cos 0 dependence but fell more rapidly at higher angles. Fitting at higher angles would have involved a complex iterative convolution procedure with questionable accuracy. Therefore the fitting procedure was only done if the ram angle was 45 ø or less. This was a significant restriction in terms of the amount of data available for analysis. The PDP was out of the orbiter bay attached to the RMS for the periods day 84, 1620-2330 UT and day 85, 1500-2200 UT, or a total of 14.1 hours. Of this, only 154 min of data met the criterion that the ram angle was 45 ø or less. The effects upon the plasma environment from STS-3 emissions of water and water vapor from the holding tanks and the flash evaporator system have been discussed by Pickett et al. [1985] . The effects of these chemical releases were seen in plasma wave data and in observations of enhanced plasma turbulence. None of the periods of available RPA data overlapped water release periods except for a short interval on day 85, 1622-1630 UT. No obvious effects could be seen in this segment, and any conclusions based on this one short period of overlap could hardly be justified. Therefore this study was limited to periods that were free of long-duration perturbations due to water releases but includes periods of thruster operations. These periods have also been shown to cause plasma perturbations [Pickett et al., 1985] . However, thruster operations were of brief duration, typically tens to hundreds of milliseconds, and the time resolution of the RPA data plus the method of data analysis emphasized long-term trends and obscured short-term The computed O + density continued to give reasonable values. This is understandable since O + is the major ion in terms of number density by at least one order of magnitude and the flow is highly supersonic. Therefore the collector current at zero retarding voltage continued to be an accurate measurement of the O + density even in the presence of significant perturbations of the thermal distribution. The O + density shows a marked decrease in the first case at day 84, 1839, and in the second at day 85, 1650:30. The solar zenith angles were 53 ø and 37 ø , respectively, for these two cases, and hence these density decreases were not a result of solar ultraviolet terminator crossings. Rather, the explanation is found in an examination of the geometry of the plasma flow relative to the orbiter during these periods. At 1650 UT the electron density decreased by a factor of 10, and the electron temperature rose sharply to 2100øK. Furthermore, the An/n value increased markedly during this interval, indicating that significant levels of plasma turbulence were being generated.
Assuming a daytime ionosphere electron temperature of 1200øK, the ion sound speed was 0.79 km/s, and therefore the Mach cone angle was 5.7 ø for the orbital velocity of 7.85 km/s. For a PDP location 10 m downstream of the wake-generating surface we would expect to encounter plasma density decreases when the PDP was within 1 m of the geometric shadow line. Examination of the geometry shown in Figures 5a and 5b shows this to be the case.
However, the data also show that the concept of a fluid dynamic Mach cone is not strictly valid, for it is clear that prior to entering the Mach cone the PDP was not in a region of undisturbed flow, but rather there were significant perturbations to the plasma distribution function which resulted in failure of the assumed two-ion flowing Maxwellian distribution to fit the data, even when the PDP was outside of the Mach cone. Compare the distance scales shown in Figures 3 and 5 . In the former case the PDP-orbiter separation was larger than the plasma scale sizes. In the latter it was not, and the disturbances to the plasma are evident.
The data examples discussed thus far represent cases when the RPA was either in a region of undisturbed plasma flow or when a known disturbance source, in particular, wake effects from orbiter surfaces, was perturbing the ambient plasma distributions. There are several instances, however, when the computed density and The possibility exists that the seemingly abnormally high temperatures seen in the NO + ion were a consequence of a change in the ionospheric composition such that the minor ions were 02 + rather than NO +. It would seem logical that if the fitting program assumed that the minor ions were NO + (m -30), and in fact there were a significant population of 02 + (m -32), then the curve fitting program would converge to a higher temperature than was actually the case.
To test this assumption, the fitting program was run for simulated data input. As was done for the flight data, the fitting assumed that the ions were O + and NO +, but the simulated data generation routine allowed specification of satellite potential and the densities and temperatures of O +, NO +, and 02 + . Various test plasmas consisting of mixtures of O +, NO +, and 02 + were tried, but it was not possible to concoct a distribution that resulted in an artificially high value of the NO + temperature. Thus we are led to conclude that there was a suprathermal ion component present, and we now examine the conditions that resulted in these observations. There were four periods in the data set that displayed these high NO + ion temperatures, and there were three aspects of the geometry that were common to all. The first was that the PDP was parked over the centerline of the orbiter bay. The second was that the plasma flow vector was at low coelevation angles (<55 ø) and the azimuth ranged from 180 ø to 270 ø , or from generally above the orbiter, over the cabin. Under these conditions the plasma In summary, this experimental effort has shown that strong perturbations to the ambient ion plasma can occur in the presence of the orbiter. In the case of geometrical shadowing by a surface or edge, the density variation of the major ion (with distance from the streamline) behaves as would be expected from a fluid dynamic Mach cone geometry. However, orbiter-plasma interaction effects extend to a few meters outside of the Mach cone and cause significant departures from a flowing Maxwellian distribution. The impact of the plasma flow with the orbiter creates high-temperature components of the ion distributions which are observed when the ion collector is looking away from the ram direction. However, we have also shown that valid measurements of ambient ion parameters can be made with an instrument attached to the orbiter on the RMS or a boom if the geometry is arranged such that the instrument and the plasma flow streamline are greater than about 10 m from any orbiter surface and the instrument is collimated around the plasma flow vector. The next investigation with this RPA instrument on the PDP has occurred on the Spacelab 2 mission in July-August 1985. The PDP was released from the orbiter and functioned as a free-flying spinning subsatellite. By means of a series of orbiter maneuvers, the PDP "flew around" the orbiter and thus allowed detailed and systemmatic measurements of the structure of the plasma wake and perturbation regions both upstream and downstream.
